The advent of the Virtual Observatory (VO) concept signals a paradigm shift in the way astronomy will be done in the era of information abundance and ubiquitous networking. Small telescopes will be playing a number of essential roles in this new research environment, probably contributing a major portion of ali data taken in astronomy, both as surveying instruments, and as follow-up facilities. In this review we describe the VO concept and its background, and how small telescopes will fit in this emergent way of doing astronomy in the 21 st century.
INTRODUCTION: NEW ASTRONOMY IN THE ERA OF INFORMATION ABUNDANCE
Astronomy, like most sciences, has become immensely data-rich, with data sets measured in many Terabytes, and soon Petabytes. The sky is being surveyed systematically at many wavelengths, with billions of stars, galaxies, quasars, and other objects detected and measured with an unprecedented level of detail. These massive data sets are a new empirica! foundation for the astronomy ofthe 21st century, hopefully leading to a new golden era of discovery.
The steep increase in the volume and complexity of available information is based on the great progress in technology, including digital imaging (the chief data source in astronomy ), and, of course, the ways of processing, storing, and accessing information. Most of the scientific measurements and data obtained today are either generated in a digital form, and most instruments contain digital imaging arrays. Such devices are based on the same technology governed by Moore's law, and are thus growing exponentially in their information-generating ability, with the number ofbits in astronomy doubling every 1 to 2 years, while the telescope technology develops more slowly (Szalay & Gray 2001) .
Large digital sky surveys and archives now becoming the principal sources of data for astronomy. Most of them are generated using small telescopes. In the past, most astronomical studies dealt with individual objects or small samples thereof (tens to hundreds). Now increasingly the field is being dominated by the analysis of large, uniform sky surveys, sampling millions or billions of sources, and providing tens or hundreds of measured attributes for each of them. This produces a selection of optimal targets to follow up with other telescopes, both large and small, and both ground-and space-based. There is a paradigm shift in observational astronomy, with survey-based science becoming an ever more important way of exploring the universe in a systematic way, and leading to the Virtual Observatory astronomy.
The challenges and opportunities posed by individual massive data sets (surveys and archives) are just a start. The sky is now being surveyed over a full range of wavelengths, giving us, at least in principle, a panchromatic and less biased view of the universe. Bach individual sky survey has its own intrinsic limitations in terms of the depth, area coverage, angular resolution, etc., but this can be quantified and at least partially overcome by combining different data sets. Moreover, the universe itself imposes selection effects on what can be seen at any given wavelength: for example, obscuration by dust can hide bursts of star formation and active galactic nuclei from the view in the visible or UV light. Some astrophysical phenomena generate the bulk of their luminosity in a particular region of the spectrum, and may be effectively undetectable or appear inconspicuous as seen at other wavelengths. F ederation of surveys and data sets spanning a range of wavelengths ( or spatial scales, or time scales, or types of observations, e.g., images and spectra, etc.) can help us discover new knowledge which is present in the data, but not apparent in any of the data sets viewed individually. Joining of massive data sets into even larger and more complex ones thus becomes a scientific imperative.
While the quantity and complexity (and quality) of data continue to grow exponentially, our knowledge and understanding of the world bas not kept pace: we are not making the foll use of the information richness available to us. Transforming vast masses of bits into a refined knowledge and understanding of the universe is a highly complex task. The problems go well beyond technical, and touch the very core of scientific methodology and practice. The great quantitative change in the amount and complexity of
